A normal appearing plant with a low rate of photorespiration (ratio of UCO2 released light/dark = 1.6) was found in an unselected tobacco (Nicotiana tabacum) cultivar. The plant was self-pollinated, and further selections were made on several successive generations. Excised leaves from the progeny of the selections were examined for photorespiration and net C02 assimilation in normal air during photosynthesis. Similar measurements were made of plants derived from selfed parents with high rates of photorespiration (ratio of "4CO2 released light/dark = 3.0 or greater). Efficient photosynthetic plants (greater than 22.0 mg of C02 dm 2 hr-1) with low rates of photorespiration produced a larger proportion of efficient progeny (about 25 % ) than did selfing inefficient plants (about 6% ), but this proportion did not increase in successive generations.
Wide variations in photorespiration and photosynthesis were observed within populations of normal appearing plants grown in the same greenhouse environment. Several plants had photosynthetic rates as great as 25 mg of CO2 dm-2 hr-1 coupled with light/dark ratios below 2.0.
The characteristics of two representative contrasting plants were studied more extensively and were fairly constant, irrespective of leaf position on the stalk, leaf size, or time of sampling within approximately a 2-week period. One plant with a mean light/dark ratio of 1.7 showed a mean net photosynthesis of 23.4 mg of CO2 dm 2 hr-', while an inefficient plant with a light/dark ratio of 3.7 had an average photosynthetic rate of only 17.0 mg CO2 dm-2 hr-'. The dark respiration was similar in these plants. Thus decreasing the photorespiratory rate by about one-half increased net photosynthesis by 38%. The results suggest that diminishing photorespiration, in an otherwise suitable genetic background, will result in large increases in net photosynthesis and plant productivity.
Leaves of species with high rates of photorespiration often evolve CO2 at rates three to five times faster during illumination than in darkness (2, 3, 12) . These observations suggested that photorespiratory CO2 largely accounts for the slower rate of net CO2 assimilation during photosynthesis normally found in many species, including tobacco, in comparison with efficient species such as maize (12, 13, 15) .
The view that photorespiration might be decreased and thereby CO2 uptake might be enhanced within a species was supported by our finding (16) that a single gene mutation in tobacco in the variety John Williams Broadleaf (1) produced yellow leaved plants with unusually fast rates of photorespiration compared with their dark-green siblings. The normal appearing wild type plants had slow rates of photorespiration for this species (16) , and rates of net CO2 assimilation were higher than for the mutant plants. Individual leaves of the wild type showed a faster growth rate as predicted by our hypothesis. The genetic alteration responsible for the increased photorespiration (and diminished net CO2 uptake) in the mutant, however, also affects the amount and type of chlorophyll present (8) , the fine structure of the chloroplasts (9), and the rate at which the leaf stomata open in the light (16) .
With the 14C assay of photorespiration (12), we therefore sought normal appearing tobacco plants with slower rates of photorespiration for this species. A plant was found in the standard tobacco variety Havana Seed with about one-half of the normal rate of photorespiration. We describe here the results obtained on net CO2 assimilation and photorespiration in progeny of three generations derived from self-pollinations of individual plants selected for having an unusually low or a high rate of photorespiration. Normal appearing plants with lower than usual rates of photorespiration and exceedingly rapid rates of CO2 uptake showed a greater tendency to transmit these characteristics to their offspring than did plants with high photorespiratory rates. We have also found that wide differences in net photosynthesis observed in individual tobacco plants are often related inversely to their rates of photorespiration. Some preliminary observations on these pedigree selections have been previously cited (14, 15) .
MATERIALS AND METHODS
14C Photorespiration Assay. The details of this method have been described (12) . We assayed four samples at one time. Each sample was made up of six leaf disks 1.6 cm in diameter with a fresh weight of about 240 mg. These were cut from leaves with a fresh weight of at least 10 g (see Table I for an exception). Disks were strung together on a thread and floated on water in large (75 ml) Warburg flasks in the light (about 1000 ft-c from above with a mirror beneath the flasks) in air at 30 C for a preliminary period of 45 min. The system was then closed, and 14CO2 was released in such an amount that it was assimilated by the leaf disks in about 15 min. After 45 min, at zero time, CO2-free moistened air was rapidly swept through the system (at least three flask volumes per min), and the "4CO2 released was trapped in 1 M ethanolamine during a 30-min period of constant rate of release during illumination and for the same period subsequently during darkness. The 4CO2 content was determined by scintillation counting, and the results expressed as the ratio of the 14CO2 released in light/ 2 At the end of the photosynthesis measurements, the mean stomatal widths for N-7-1 were 6.6,um and for N-7-4, 5.0 jam.
I At the end of the photosynthesis measurements, the mean stomatal widths for N-7-1 were 6.4 jAm and for N-7-4, 4.2 jum.
4The dark respiration in these four leaves (as the % of "CO2 fixed that is released between 15 and 45 min in darkness) was 1.4, 1.6, 1.5, and 1.3%, respectively (mean = 1.5%). 5 At the end of the photosynthesis measurements, the mean stomatal widths on the lower epidermis were 3.9 jAm. dark (L/D ratio).' The L/D ratio remains constant for a given tissue when the period of "CO2 fixation by the leaf disks occurs for at least 30 or 45 min before CO2-free air is swept through the system (5, 12) . Thus there is probably no change in the specific radioactivity of the released "CO2 under our conditions if "CO2 fixation occurs for at least 30 min in the closed system. The rate of "CO2 released in darkness is also constant for at least 60 min following the first 15 min.
Measurement of Net Photosynthesis in Excised Leaves. Rates of CO2 assimilation were obtained in a closed system (16) with an infrared CO, analyzer. The excised leaf (usually with a fresh weight of at least 10 g) with its base in water was placed in a fixed position and illuminated from above with photoflood bulbs immersed in a cold water bath that supplied 1800 ft-c at the leaf surface. The CO2 concentration ranged between 350 and 250 /1.l in air, and the air temperature in the chamber was 27 to 30 C. All rates of net photosynthesis represent the mean of two or three determinations taken on ' Abbreviation: L/D: The "CO2 released by leaf disks during a constant period in the light/dark in the "C-photorespiration assay as described under "Materials and Methods." each leaf during a 5-min interval when essentially constant rates had been achieved. Usually about 40 min of illumination were required before such constant rates were obtained. Stomatal apertures were measured from silicone rubber impressions (11) made at the end of the period of CO2 assimilation.
Pedigree Selection in Havana Seed Tobacco. Previous experiments (16) had shown that leaves of the tobacco variety Havana Seed usually had a L/D ratio in the "C assay of 2.5 or greater (light respiration was at least 2.5-fold greater than dark respiration). However, duplicate determinations of different leaves from an individual plant taken at different times often showed a range of as much as 20% from the mean (Figs. 2 and 3). Therefore we considered that plants with a L/D ratio below 2.0 have a slower than normal rate of photorespiration for this tobacco variety. Similarly, a L/D ratio of 3.0 or greater would confidently indicate that the plant had the high rates of photorespiration commonly observed in tobacco.
Values in the literature and our own experience (13) show that net photosynthesis in tobacco at saturating illumination in normal air may vary between 16 and 21 mg CO2 per dM2 of leaf area-hr. We accordingly decided that tobacco leaves possessing rates greater than 22.0 mg CO2 dm-2 hr would be considered unusually efficient for this species.
While examining rates of photorespiration in the progeny of Havana Seed plants grown from seed derived from at least six unselected self-pollinations, we selected one plant, designated E-4-1, for selfing in 1969. This plant consistently showed a low photorespiration rate (L/D = 1.6) in the assay. However, the rate of CO2 assimilation by this plant was not determined. From the population of Havana Seed plants grown at the same time the seed of two plants (E-2-3 and E-6-4), which showed high rates of photorespiration, were obtained by selfing and combined. The individual plants selected for self-pollination in succeeding generations and the L/D ratios and net photosynthesis of these parental plants are summarized in Figure 1 .
All of the plants described in this study were grown in sand in a subirrigated greenhouse bench and were provided regularly with a complete nutrient solution. Comparisons made of progeny in the same generation were carried out on plants grown side by side at the same time. (Fig. 2) . Although the distribution of photosynthetic efficiency was thus different between these two populations, their mean photosynthetic rates were more nearly alike: 21.4 compared with 20.1 mg CO2 dm-' hr-' in the low and high photorespiration progeny, respectively.
PEDIGREE SELECTION FOR LOW PHOTORESPIRATION (L/D) AND HIGH PHOTOSYNTHESIS (PS) IN TOBACCO
No examples were found in progeny obtained from high or low photorespiration parental plants in which high rates of photorespiration were associated with rapid rates of CO2 assimilation (upper right quadrant in Fig. 2 (Fig. 3) to that observed in earlier generations (Fig. 2) . Four of the 12 plants had L/D ratios less than 2.0, and three of these four plants (again 25% of the population) had unusually rapid rates of CO2 assimilation (greater than 22.0) with a mean of 22.5 mg CO2 dm-2 hr-'.
The mean photosynthetic rate of the population in Figure  3 was 21.3 mg CO2 dm-2 hr, much like that in the low photorespiration progeny of the earlier generation in Figure 2 . Again as in earlier generations, a remarkably similar proportion of plants (42%) showed fast rates of photosynthesis (greater than 22.0 mg CO2 dm-2 hrl).
Thus the proportion of efficient plants was greater than is found in the progeny obtained by selfing plants with high rates of photorespiration (Fig. 2) , but the proportion did not increase in successive generations. Table I ) in the fourth generation. The means are shown, and the horizontal and vertical lines mark the extremes observed in duplicate or triplicate determinations. In the photorespiration assay, 90% of the cases had means for the L/D ratios which were within 20% of the extremes of the replicate determinations for that plant. The means of the photosynthetic measurements were within 5% of the extremes of the replicates in 90% of the determinations on individual plants. The shaded portion marks the estimated cutoffs between low and high rates of photorespiration as described in Figure 2 . The L/D ratio was inversely correlated with photosynthesis (r = -0.64). The rates of dark respiration (as the % of '4CO2 fixed that is released between 15 with rates as great as 25.0 mg CO2 dm-2 hr-', and these are probably the fastest rates ever described for this species in normal air.
Differences in photorespiratory rates within a species and an inverse relation between photorespiration and net photosynthesis were previously shown by us in a comparison of dark green and yellow leaved John Williams Broadleaf tobacco siblings (16) . By means of a somewhat similar 14C assay, such a relationship was also found between two bean varieties (7).
Using an assay based on 02 uptake, differences in photorespiration have also been observed in a population of ryegrass that were independent of the growth conditions, but photosynthetic measurements have not yet been described for this material (10) . 
